As a scientist G ordon Sutherland made, at a critical time, a major contribution to the transform ation of infrared spectroscopy from a research technique practised in few laboratories into a powerful and widely used m ethod for analysis and for the determination of molecular structure. A physicist by training, he was happy to be described as a chemical physicist or a biophysicist in relation to different aspects of his researches. Later in his career he was a successful Director of the National Physical Laboratory and then M aster of Em manuel College, Cam bridge. He played an active role in British science policy. He died on 27 June 1980, in his seventy-third year, some 3 years after his retirement from the M astership of Em m anuel College.
R esearch at C ambridge and at T he U niversity of M ichigan Sutherland was determ ined to go to Cam bridge to do research in physics. He shared with another graduate, D. E. Rutherford, a G uthrie Scholarship from a D undee foundation, which paid about £250 p.a. for 2 years. T hey agreed to hold the scholarship in alternate years, Sutherland first. W ith this he applied to T rinity College, Cambridge, and was accepted to work as a research student under Professor R. H. Fowler. For the second year he was awarded a research scholarship by the Carnegie Foundation for the Scottish Universities. Although this was only worth £175 p.a., his two older brothers helped him financially and he also did some College teaching.
At this point the story can conveniently be taken up in Sutherland's own words. Some m inor editorial changes to his original script are indicated by square brackets; references to the list of publications have also been added in round brackets.
'M ost Scottish graduates who in those days wished to go on to Oxbridge . . . registered as affiliated students and were able to get a B.A. in two instead of the usual three years. Naturally [a Scot] usually did very well against his English competitors having had three or four years at a Scottish university before he entered Oxbridge. No wonder the Scots at Oxbridge got a reputation as brilliant scholars and took so many prizes! All this arose because Scottish education in the higher forms at school and at universities (especially St Andrews) was much broader than English, which had established a tradition of 6th Form specialization . . . I took the Higher Leaving Certificate in eight subjects in my last year at school and at St Andrews studied Latin, English, geology and chemistry each for one year, in addition to pure and applied mathematics and physics. Although going up to University at 18 instead of 19, the Scottish graduate usually needed about one more year in the Honours field to put him on a par with the Cambridge B.A.
'I therefore decided to spend my first year in Cambridge (1929/30) not doing research but largely attending lectures on quantum theory and quantum mechanics, the latter being a very new and exciting development in the work of Schrodinger, Heisenberg and Dirac. I'm afraid . . . [I found that] the standard of lecturing at Cambridge was disappointingly low, the only ones I really enjoyed being by Lord Rutherford. I saw very little of my supervisor, R. H. Fowler, during my first year at Trinity (once every few weeks) largely because I was not really capable of undertaking any research in the newer math ematical physics. But Fowler was a kindly and perceptive man, who was at that time engaged in the preparation of his definitive treatise on Statistical mechanics. To my surprise he invited me to help him with one of the early chapters on the subject of specific heats of gases and set me a little problem in that field. The idea that I could be trusted to help this intellectual giant with his book gave a tremendous boost to my morale. This had got very low at times trying to absorb and understand entirely new physical (and even mathematical) concepts, while surrounded by brilliant young Cambridge graduates. However, I did solve the problem he set me and it formed the subject of my first paper (on Rotational specific heats and gases) which appeared in the Transactions of the Cambridge Philosophical Society in 1930 (1). Fowler also made a very generous acknowledgement of the little help I gave him in his Preface and owing to a misprint it appears that I helped him with one of the more difficult instead of one of the easier chapters! '. . . By the end of my first year at Cambridge it was clear to me that I did not have the mathematical ability to be a first rate theoretical physicist and I decided to switch (at least, partly) to experimental work. I had become very interested in spectroscopy in my final year at St Andrews and the discovery of the Raman effect in 1928 had been an especially exciting event. I talked this over with Fowler and he advised me to move to Professor Lowry in Physical Chemistry since there was no interest in, or experimental work on, spectra in the Cavendish. U nder Low ry work [was being carried out] . . . on molecular spectra; C. P. Snow, F. I. G. Rawlins and H. M. Taylor had recently initiated infrared spectroscopy under [the aegis of D r E. K. (later Sir Eric)] Rideal who was H um phrey Owen Jones Lecturer. It was arranged that I should join this group, but by the time I started Rawlins had gone to the National Gallery as Scientific Adviser, and Taylor to a lectureship at Southam pton. Hence I was in effect under Snow 's supervision although technically assigned to Low ry who was especially interested in optical activity. For reasons which I cannot now recall Low ry suggested two different molecules of which the Raman spectrum would be of interest, viz. hydrazine (N 2H 4) and nitrogen tetroxide (N 20 4). So I set up an apparatus for Ram an spectroscopy and before long obtained a rather poor diffuse spectrum of hydrazine. T his was very puzzling since it was supposed to be a symmetrical molecule and should have given many sharp lines. N 2H 4 proved m uch more difficult because it had to be condensed to a white solid at rather low tem peratures and this involved the construction of a special Dewar vessel. Being no glassblower I had to rely on the good graces of the Cavendish glassblower, Felix Niedergesass, a somewhat temperam ental G erm an who was in great dem and by the physicists. W hat with the low priority given to w'ork for another laboratory, changes in design and accidents, progress was very slowr and I decided to do some infrared work on Snow 's spectrometer during these waiting periods. T his also went very slowly because the whole set-up was rather in the style of Heath Robinson and required two people to check alignments etc. Snow had . . . gone off to Taorm ina partly to recuperate from his attack of pernicious anaemia and partly to write, for he was at the stage of abandoning science for novel writing . . . 'Some time early in my second year at Cam bridge I met Professor David Dennison from the University of M ichigan who was spending part of a sabbatical year in Cambridge. He had just made the prediction that hydrogen m ust be a mixture of " ortho" and " para" forms in order to account for its specific heat. Now the University of M ichigan had a worldwide reputation as the greatest centre for infrared spectroscopy and Dennison was its leading theoretician. He impressed me enormously with the clarity of his thought and exposition . . . and often threw a whole new light on aspects of the subject. In addition he and his wife were totally delightful in m anner with what the Scots call a pawky sense of hum our. I decided very soon that I m ust pursue my research under Dennison and made application for a Com m onwealth Fund Fellowship (nowadays, a Harkness Fellowship).
'Fortunately I was successful and was able to spend the academic years 1931/2 and 1932/3 at Ann A rbor under as nearly ideal conditions for research as one could imagine; first class experimental facilities, a very stimulating group of first class physicists (e.g. Uhlenbeck, Goudsm it, [Randall] , Crane, Dennison, Bacher, Laporte and Sawyer) supplem ented in the 'sum m er schools' by Fermi, Heisenberg and Herzberg. I think that Uhlenbeck was the best lecturer I have ever heard in the field of physics although David Dennison and Richard Feynm an at times ran him very close. 'I decided to make a detailed infrared study of N 0 2 and N 20 4 together with Raman studies on N 20 4 and ozone ( 0 3). At that time the shapes and atomic dimensions of simple triatomic molecules were still largely unknown and if N 20 4 turned out to be a symmetrical planar molecule (like ethylene) it should be possible to make a dynamical model and evaluate the force constants. T he results of these researchers were eventually published in 1933-34 (3, 5, 7, 8) .
'D uring the late sum m er of 1932 I was allowed to go back to Cam bridge and compete for a Prize Research Fellowship at Trinity. In this I was unsuccessful but had the consolation of seeing my best friend at Cambridge, Glenn Millikan (a son of R. A. Millikan), being awarded one in Physiology.
'. . . In order to return to Cam bridge I had to secure a Fellowship of some kind and was fortunate to get a Carnegie Fellowship which was adequate, along with some savings from my U.S. Fellowship and some money from supervision and demonstrating. I resumed the infrared work which had remained dorm ant during my two year absence, but I also asked to be associated with the group under [Professor, later Sir John] Lennard-Jones doing theoretical work on molecular structure. This led to a very interesting and profitable collaboration with W. G. Penney [later Lord Penney] who had also just returned from a similar Fellowship in U.S.A. with Van Vleck* at Wisconsin, in which we at last found the explanation for the very weak Raman spectra of hydrazine and hydrogen peroxide. It arose because these molecules have a very skew and highly asymmetrical structure. Penney was able to predict, and I helped to calculate, the degree to which the hydrogen atoms were twisted out of the symmetrical positions which the chemist would have expected (9, 10). Similarly we showed that in ozone ( 0 3) the three oxygen atoms do not lie at the corners of an equilateral triangle but form a wide angled isosceles triangle (15, 17, 18) .
'Tow ards the end of that academic year an event occurred which transformed my future prospects which at that time were not very bright, as academic appointments were very few and far between in the continuing depression in 1934. An advertisement appeared in the * A biographical m em oir of j. H . Van Vleck appears later in this volum e.
[Cambridge] Reporter for the Stokes Studentship tenable at Pem broke College (founded in m em ory of George Gabriel Stokes of Stokes's Law) and w orth at least £400 p.a. T his was as valuable as a Junior Research Fellowship. T o my great surprise, I was successful in spite of feeling that I had not perform ed particularly well before the Selection Com m ittee which included Lord Rutherford and Professor Dirac. A year later, I was elected to a Staff Fellowship at Pem broke and my future at Cam bridge was now fairly secure.' S utherland's visit to the U nited States on his Com m onwealth Fellow ship was fortunate in m any ways and he retained a strong interest and affection for that country throughout the rest of his life. It was doubly opportune that, doubtless indirectly through the great scientific prestige of Cam bridge at that time, he met D ennison who in turn introduced him to a w orld-standard laboratory in his favourite subject of spectroscopy. On his return to England his collaboration with Penney in the area of what is now term ed Theoretical Chem istry was equally fortunate. Sutherland was particularly proud of their joint work on hydrogen peroxide and hydrazine (9, 10). A model of the H 20 2 molecule is displayed on the desk in a portrait of Sutherland later painted for the National Physical Laboratory. O f his work at that time (1934) Professor Low ry wrote in a letter of recom m endation of Sutherland for an 1851 Exhibition:
'In collaboration with D r Penney, Sutherland has made a study of two simple molecules (hydrogen peroxide and hydrazine) by the m ethod of wave-mechanics and has come to conclusions which are entirely novel and of fundamental importance to chemists. In particular, these authors have shown: (i) that the " free rotation" of the atoms about the central axis or bond of the molecule (which was postulated by van't Hoff in 1874 and has been universally accepted ever since) is in fact not admissible in these molecules and (ii) that the position of greatest stability is not the symmetrical one, as chemists have supposed, but is found in a twisted structure with a m uch lower order of symmetry. T his paper was picked out by Debye at the recent discussion in Oxford on " Dipole m om ents" as typical of the lines on which future progress might be expected, in contrast to the traditional m ethods of studying the bonds between atoms, which are still in use by most investigators.' After citing Sutherland's use of infrared, Raman and theoretical m ethods to identify the normal modes of N 20 4, Lowry concluded:
'In this way Sutherland has become entitled to be ranked with the foremost investigators in work on molecular structure.' With a characteristic sense of responsibility Sutherland gave up rock climbing when he got married, although he had much enjoyed this in the Cairngorms and Skye. When he came to Cambridge as a research student Sutherland's climbing expertise had spilled over into night-climbing over the Cambridge buildings and, together with his great friend Glenn Millikan, he was thought to have completed the (roof) 'circuit' of Trinity Great Court. Though not one of the anonymous authors of 'Nightclimbers of Cambridge' he certainly knew the authors of that book and it is said that one of its photographs showed his posterior disappearing over a wall of Newnham College. Later in life Sutherland had a period as University Proctor. It is reported that when he caught some students climbing on the Pitt Press, he chastised them in the Roman manner, i.e. for being caught rather than for breaking the rules. Although Sutherland gave up rock climbing, he retained an active sporting life, played regularly squash and hockey, the latter in inter-laboratory matches and as a member of the Cambridge M.A.s Hockey Team. He continued to develop his skill at golf.
Research as a C ambridge don in the 1930s
After joining Pembroke College, Sutherland became qualified to supervise research students and he soon built up a group of very able young men around him. Throughout his active research career, infrared spectroscopy was his chosen field; he not only improved experimental techniques and made theoretical advances in that subject, but also applied infrared methods to a very wide range of problems in chemistry, biochemistry and biophysics.
Soon after his return from the U.S.A ., Sutherland published (in 1935) a small but excellent Methuen Monograph on Infra-red and Raman spectra (13) which remained the only combined introduction to these two complementary vibrational spectroscopies until the publication of G. Herzberg's famous treatise in 1945.
Two of Sutherland's first research students were G. K. T. Conn, who came to Cambridge as an Affiliated Student in physics from Aberdeen, and E. Lee. Conn comm enced, and Lee brought to successful conclusion, the construction of a new and powerful infrared spectrom eter built around four reflexion gratings that Sutherland brought back from Ann Arbor. T h e spectrom eter was originally of the tandem prism and grating type, with Pfund-type optics and parabolic m irrors used on axis (31, 40) . A continuously evacuated therm ocouple was used as the detector. T he natural rocksalt fore-prism was later replaced by filters. T h e spectrom eter was used by Conn to measure high resolution vibration-rotation spectra of P D 3 and tetra-deuteroethylene (16, 21, 40) and by Lee to make a similar study of gaseous G e H 4 (36).
A nother early m em ber of S utherland's group was Mansel Davies; he himself later trained a fine school of spectroscopists at Aberystwyth. Davies originally worked under E. K. Rideal's supervision in the Colloid Science Laboratory. He used the old Hilger D83 W adsw orth infrared spectrom eter with prism s of quartz, NaCl and C a F 2 which had pre viously been used by Rideal and Snow , and later by Sutherland himself before he went to the U.S.A. M ansel Davies carried out some pioneering infrared studies of intermolecular hydrogen bonding in carboxylic acids and intramolecular bonding in hydroxy carboxylic acids and phenols (24, 25, 29) . W ith the C onn/Lee spectrom eter he also measured fine structure in the Q -branch of hydrazoic acid separated by 0 .7 c m " 1 and thereby established the linearity of the N 3 group. T he resolution achieved was the best that had been attained outside the U.S.A.
C. K. W u from China joined the group in 1938 and was put to work m easuring Raman spectra with the then available m ercury lamp sources, filters, and photographic plates. He resolved the isotopic fine structure in the spectrum of CC14 (27) and also developed a low-tem perature Raman cell. He and Lee, with Sutherland, studied the infrared and Raman spectra of HC1, DC1 and C H 4 in the solid state at liquid nitrogen tem peratures (30, 40, 41) with the original intention of looking for evidence (not found) of free rotation in the solid state. T hey also considered double-m inim um potential functions and the possibility of inversion behaviour in P H 3 and A sH 3 (33) as had been recently discovered in N H 3. W. T . T u tte joined Sutherland's group for a short period in 1939 and 1940 and his work, helped by Mansel Davies, consisted of a pioneering study of surprisingly strong infrared spectra from just 200 ordered monolayers of methyl stearate on a metal film (35). This was probably the first m easurem ent of spectra from a 'surface film' although still far thicker than a monolayer.
A feature of the prewar days was a stimulating weekly meeting of spectroscopists in Sutherland's rooms in Pem broke College. 'After a few m onths as G ough's assistant I asked to be put on to a more specific job. As the blitz had started and I had been secretary of the UXB (Unexploded Bombs) Committee I went over to spending full time on ways and means of (a) finding unexploded bom bs and (b) rendering them innocuous so that they could be transported to some remote spot and detonated there. This proved to be a most inter esting assignment and brought me in contact with a fascinating variety of problems and of people . . . 'T h e problem of locating the unexploded and time bom bs was [particularly] difficult. T his was done by a magnetic locator which detected the small change in the earth's magnetic field caused by the steel casing of the bom b. U nfortunately bom bs which had a high priority for location usually were in a building which already had a fair am ount of steel or iron in the danger area, and we never found a complete solution to this problem. At one stage General Taylor (G .O .C . H om e Forces) produced a Colonel M errilees who claimed he could find buried bom bs by water divining techniques and he wanted all the water diviners in Britain brought to London to find bom bs. I arranged a series of tests of Colonel M errilees at the National Physical Laboratory one Saturday afternoon in the presence of General Taylor, D r G ough and various senior R.E. officers and M inistry scientists. T h e result was total failure of M errilees to locate various metal objects. In fairness he adm itted quite frankly that he should have located them but said he was " off form " that afternoon. T o this there was no answer but General Taylor did not press his point about bringing in all the water diviners!' D r R. H urst who worked with Sutherland at that time, has written: 'From about July 1940 he [Sutherland] gave his full time to organizing the research work for dealing with unexploded bom bs which was put out to various laboratories . . . G o rd o n 's main effort was spent in going round the labs, explaining the problem, and putting it into scientific term s (usually he tried to put in the right quantitative requirem ents too), helping to get the necessary equip m ent, and reviewing progress at frequent intervals. W e were helped by having the Prim e M inister's " Priority 1A" for the work . . . We lived in an atm osphere of crisis, everything was extremely urgent, with the blitz at its height. . . . G ordon was always unruffled and worked very steadily and calmly and seemed to have all the details of everything going on well organized in his mind. His dry sense of hum our helped a lot especially with a few of the crustier rank conscious military. . . . I learnt a great deal from G ordon in those years.' W artime and postwar infrared research at C ambridge, Sutherland himself again takes up the story.
'Some time early in 1941, when the blitz on London was pretty well over and we had antidotes to all the G erm an fuses, a problem was put to me by Professor G arner (brother of Sir H arry Garner) concerning the possible use of infrared spectroscopy to help in the analysis of the petrol being used by the Germ ans in their fighters and bombers. T he existing physicochemical m ethod of " aniline point" determination was very slow (1 or 2 days) and very crude in identifying certain key hydrocarbons in the high octane fuel, in particular 2,2,4-trimethyl pentane and also the 2,3,4-and 2,2,3-isomers. D r Delia M. Simpson and D r W. C. Price very kindly agreed to run the spectra of these com pounds for me at Cam bridge and to compare them with the other predom inating constituents of an aviation fuel. It was immediately obvious that the 2,2,4-isomer had a highly characteristic group of [infrared] absorption bands which stood out even in a complex m ixture and indeed quite clearly in the blue [bomber] fuel. Such an analysis only took a m atter of an hour or so and this could be reduced to minutes if the spectrometer could be made to run automatically instead of being hand operated i.e. plotting the spectrum point by point. T he extent to which the Germ ans were using Romanian petrol, and the extent to which additives such as 2,2,4-trim ethylpentane and aromatic hydrocarbons (e.g. toluene) were being syn ] This small group of organic chemists would synthesize almost any hydrocarbon we required for spectro scopic analysis. We secured regular samples of G erm an fuel (from crashed planes) and reported analysis of the 50 fractions into which these had been separated by fractional distillation.'
T h e wartime infrared work on the analysis of 'enemy fuels' had of necessity a very different aim from the work in Sutherland's laboratory before the war. T hen the interest had been mainly in the chemical physics tradition, namely the complete interpretation of the infrared spectra of small molecules, and the deduction of vibration frequencies, force-fields and molecular shapes and dimensions. T h e wartime work required the study of the spectra of much larger molecules whose vibrational spectra seemed much too complex for detailed interpretation. Instead em piri cally recognized band patterns had to be used for the semi-quantitative analysis of mixtures of hydrocarbons.
This work was shared between Sutherland's infrared group at C am bridge and H. W. (later Sir Harold) T h o m p so n 's similar-sized group at Oxford. 'There had been earlier important pioneers, such as W. W.
Coblentz in W ashington, D. C., in the 1900s and J. Lecomte in Paris during the 1920s and 1930s. These spectroscopists had measured the spectra of large molecules and pointed out characteristic absorption bands of different functional groups within them. Although this earlier work had clearly shown that useful chemical information existed in the infrared region, the experimental techniques were considered to be much too dem anding for widespread application. A particular problem was the inadequate shielding of the very sensitive galvanometers from mechanical vibration such as from the local buses, or from electrical interference such as from the cyclotron in Cam bridge. But the urgency of the wartime requirem ents for spectroscopic data, com bined with advances in electronic techniques that also occurred during that period, finally broke the practicability barrier. These advances turned infrared spectroscopy at the hands of Sutherland and T hom pson in Britain and R. B. Barnes, R. R. Brattain and N. W right in the U .S.A., into a physical m ethod that was to help to revolutionize the efficiency of chemical structural analysis, both qualitatively and quantitatively.
At the onset of the hydrocarbon work early in 1941, at Sutherland's suggestion, D r D. M. Simpson digested the earlier literature and showed that it was most probable that some of the key branched hydrocarbons, particularly 2,2,4-trimethylpentane, should be recognizable in the spectra of m ixtures of hydrocarbons. Enem y fuel samples were fractionated by distillation at I.C.I. and made available with or without aromatic com ponents. W ith the help of Trivedi, an Indian national and M anchester graduate who was not affected by the requirem ents of national service, D r Simpson confirmed her literature conclusions by measuring point-by point the infrared spectra of a good cross-section of hydrocarbons. T he aromatics were also analysed by ultraviolet spectroscopy by Price and Sim pson in Cam bridge and by T hom pson and colleagues in Oxford.
Once the feasibility of infrared analysis had been established, funds were made available by the M inistry of Aircraft Production. Tw o Cam bridge graduates, P. B. Fellgett and A. R. Philpotts, and a Queen M ary College London graduate H. A. Willis (Q .M .C. had also been evacuated to Cam bridge during the war) were recruited to continue the work in 1942. At this stage the larger Conn/Lee infrared spectrometer replaced the smaller Hilger spectrometer, and was developed to give continuous recording of 'single-beam ' spectra on to rolls of photographic paper. Background spectra from a blank cell were then superimposed and the percentage absorptions measured from the single extended spectrum at all principal transmission maxima and minima. However, complex vibration-rotation bands from atmospheric C 0 2 and H 20 in the spectro m eter optical path caused difficulties in m easurem ents and the percentage absorption versus wavelength or wavenum ber spectra still had to be draw n out by hand. T hom pson and Sutherland consulted with Adam Hilger Limited and a scanning double-beam spectrometer was designed, Another major problem was the determination of molecular structure of the extremely important new antibiotic, penicillin. This was studied by the infrared m ethod in C am bridge by S. E. D arm on and also in Oxford. T h e spectrum of this large molecule showed it to have an unusual structure, but the spectroscopic analysis at Cam bridge was proceeding along the right lines when the definitive structure was obtained in Oxford by D orothy Crowfoot (Hodgkin) using X -ray crystallography. Fellgett and Willis (44) and later C. G. C annon (48, 51) worked on the infrared spectra of coals and Cannon also interpreted the spectra of related polyarom atic hydrocarbons.
T ow ards the end of the war an im portant and influential General Discussion of the Faraday Society was held on 2 January 1945 in K ing's College, London under the Presidency of Professor Rideal. At this m eeting many of the unclassified infrared results of the Cam bridge and Oxford groups were reported. T h e papers presented were published in volume 41 of the Transactions of the F araday Society. In the general introduction to the m eeting Professor C. K. Ingold said:
'H itherto Raman spectroscopy has contributed m ore than has ab sorption spectrom etry in the infrared to our knowledge of molecular vibration frequencies. T h e difference is, of course, mainly due to the greater technical facility of Ram an work. W ith the new technical developm ents that D r Sutherland and D r T hom pson have described it seems likely that the balance of facility may now lie in the other direction.'
T his proved to be a very accurate prediction and has rem ained so since, despite the later advances in m onochrom atic laser sources for Raman spectroscopy.
As the war drew to its close, and in the year following, Sutherland's research group grew in size as people from many parts of the world, as well as from Britain, applied to work with him. On the side of chemical spectroscopy a series of papers with Simpson, Sheppard, Ramsay and C annon were devoted to the interpretation and understanding of the vibrational origins of those absorption bands of hydrocarbons which had proved to be so useful for empirical analysis (60, 62, 63, 80, 84, 91) . Also the effects of intermolecular couplings in producing band splittings in crystalline polyethylene were successfully investigated by R. S. Stein and Sutherland (99). On the biochemical side Sutherland and D arm on published a num ber of significant papers on the infrared spectra of polypeptides and proteins (64, 73, 76, 86) , and J. A. Brownlie, A. R. T o d d and Sutherland studied the infrared spectra of pyrimidines (72). T h e infrared spectrum of the simplest of crystals, diamond, interested Sutherland for many years (52, 53) and papers on this subject were also published at this time with Willis (46) and D. E. Blackwell (79). A perfect diam ond lattice should exhibit no fundamental infrared absorption bands (although overtones and combinations are allowed and observed). Hence this is an ideal vehicle for the study of the effects of lattice imperfections and impurities on the spectra of crystals. Blackwell's monumental Ph.D. thesis on this subject ran to two volumes and had a coloured frontispiece. L. F. H. Bovey studied the crystals of a number of ammonium halides with particular reference to the evidence provided for the rotation of ammonium ions in the crystalline lattice (85).
Over the same period, much other work was concerned with the physics of infrared spectroscopy. A. Vallance-Jones, guided by A. Elliott of King's College London, built infrared polarizers and applied these to the analysis of the infrared spectra of crystals and of oriented polymers (67, 89). In collaboration with the Telecommunications Research Estab lishment at Malvern, and the Admiralty Research Laboratory at Teddington, preparative work was done by O. Simpson and later by T . S. Moss on photoconductive infrared detectors of the lead sulphide, lead selenide and lead telluride types. Conventional thermal infrared detectors, such as thermocouples and bolometers, are non-selective and can be used throughout the infrared region. Compared with these each photoconductive detector only covers a limited wavelength range. Along the series sulphide to selenide to telluride the. sensitive ranges move further into the infrared region proper with peak sensitivities (and hence the best signal: noise characteristics) towards the longer wavelength cut offs. In compensation for their limited ranges of sensitivity, these detectors are much more rapid in response and give much lower noise levels and hence, better sensitivity. Blackwell and Sutherland, with Fellgett and Simpson (57, 68, 74, 78) showed that these detectors could be used to set new standards of sensitivity and of resolution in infrared studies.
At that time much attention was given within the research group to the performance characteristics of detectors. Consideration of the infrared spectrometer as a detector-noise (or energy) limited instrument by E. F. Daly clarified the 'trading' rules that could be used to optimise spectral resolution, signal: noise, or time of scan (81). This work, although it was published later, led to the development of the fast-scanning infrared spectrometer with cathode-ray'presentation (55, 56, 66).
Towards the end of the 1940s, Fellgett in his Ph.D. thesis developed the very important concept of the multiplex advantage of interferometry over dispersion spectrometry in a detector-limited field of spectroscopy such as the infrared. The advantage arises from the fact that, within the interferogram, signals of all wavelengths are measured simultaneously relative to the noise level of the detector, rather than one at a time as with dispersion spectrometry. The overlapping signals that make up the interferogram have to be separated later by Fourier transformation. This idea was well ahead of its time and, as Fellgett realized, was not to become widely applicable until fast computers had been developed during the subsequent decades. However, the method later became of widespread use in providing major gains in the performance of first far-infrared and later m id-infrared spectrometers. As will be described below, Sutherland later gave m uch assistance to the practical applications of the concept while at the National Physical Laboratory. T h e basic idea of the use of Fourier transform ation to deduce a spectrum from an interferogram goes back to the work of M ichelson who applied it to emission spectra exhibiting a few sharp lines. But the application of this technique to radiation continua was far more ambitious resulting in m uch greater gains in sensitivity. In the hands of J. and P. Connes and their colleagues in France, as many as one million resolvable wavelengths have recently been multiplexed. By this m ethod, using the reflected sunlight, they obtained magnificent infrared spectra from the atmospheres of the planets. W ith this degree of m ultiplexing a day's spectroscopic ob servation is the equivalent of several thousand years' using an otherwise similar non-m ultiplex spectrometer. Fellgett developed the idea by analogy with the problem of m ultiplexing in telephone and telegraph circuits.
M ore conventional applications of infrared spectroscopy to research into the E arth's atm osphere were made by S utherland's group im mediately after the war. R. M. Goody carried out m easurem ents of solar spectra, with m uch reduced interference from atmospheric absorption, by use of a spectrometer flown in a M osquito aircraft, and J. H. Shaw' explored the N 20 constituent in the atm osphere by infrared means.
T h e writer of this m em oir can personally testify to the trem endous stim ulation provided by the group of intelligent and enthusiastic research students working with Sutherland during the 1940s. It was of particular value that about half their num ber were physicists and half chemists; a better environm ent for a young spectroscopist could hardly be imagined. Shortly before Sutherland left for the U.S.A. in 1949, Vallance-Jones made a film of the various m em bers of Sutherland's group to illustrate their activities. This is a very interesting scientific record and, although a recurrent hum orous theme throughout was 'Have you seen the Doc?', i.e. Sutherland, the film left no doubt about the affection of the m em bers of S utherland's group for their leader. T h e theme of 'Have you seen the D oc?', reflects the fact that by then Sutherland had acquired substantial responsibilities outside the laboratory, on G overnm ent committees, within Pembroke College and, between 1946 and 1949, as a m em ber of the Council of Senate of Cam bridge University. Am ong a num ber of university committees he also served as Chairm an of the Chemical Engineering Syndicate, which recom mended to the University and oversaw the im portant development of the new D epartm ent of Chemical Engineering.
T h e wartime infrared work had been started in the Physical Chemistry Laboratory, but at that time Sutherland had only his Pem broke College Fellowship, and no university appointment. Sutherland retained an approach which showed that he had been trained as a physicist whereas T h o m p so n 's approach reflected his m ore chemical background. At one stage Sutherland took exception to a publication by T hom pson and others on the cathode-ray presentation of infrared spectra that m ight be taken to imply a development of the technique that was independent of the first-published Cam bridge in itiative (55). However, despite this short-lived breakdown of goodwill am ong some m em bers of the groups, there is no doubt that the C am bridge-Oxford rivalry during the 1940s was overall a very creative one which contributed a very great deal to the standing of British m olecular spectroscopy in the world, as well as to the international progress of the subject. Overall during the 1940s there was a trem endous efflorescence of chemical and physical applications of infrared spec troscopy following the advances in experimental techniques that had occurred during the wartim e years.
T he second M ichigan period, In 1949 Sutherland was approached by his earlier m entor at the University of M ichigan, Professor Dennison, to see if he was prepared to consider returning to Ann A rbor as a Full Professor. Some of the wellknown infrared pioneers at M ichigan, such as Randall and Barker, were approaching retirement. T here were two attractions about this offer. T he first was that the Ann A rbor laboratory had retained an exceedingly high international reputation in infrared spectroscopy. Secondly, the w ork shops there still retained the most highly skilled personnel and the best equipm ent for the further development of infrared techniques. After m uch heart-searching, particularly because of the excellent research group that he had built up in Cam bridge-as he himself put it 'C am bridge had been good to, and for, m e' Sutherland decided to leave for the U.S.A. S utherland's own description of his transition to Ann A rbor follows:
'T here followed a considerable period of settling in at Michigan. I had to prepare for new teaching and arrange for the purchase and construction of new equipm ent, together with the problems as sociated with finding and furnishing new living quarters. M oreover the supply of research students of high quality was markedly less than that in Cambridge, partly because some of the brightest American students preferred to go straight into industry rather than work for a Ph.D ., partly because the first year graduate student in M ichigan was about one year behind the corresponding Cambridge graduate and had to spend most of his first year attending the excellent series of graduate lectures provided by the best U.S. T h e biological work was supported by additional m ore purely spec troscopic studies of the infrared bands of the amide group with H. K. Kessler and M. Beer (98, 123) including those from the out-of-plane N H modes. Similar penetrating studies with A. V. Stuart were concerned with sorting out long-established uncertainties in the interpretation of the bands associated with in-plane and out-of-plane O H angle-deformation vibrations of alcohols (97, 105, 113) . T his work clearly pointed to the sensitivity of the out-of-plane O H m odes as a measure of the strength of hydrogen bonding-a sensitivity comparable to that long-established for the O H bond-stretching modes.
universities. The result was that it took me a year or two to build up
Finally, although an account of this work was never published. Sutherland together with H. M arshall and D. Brown built a large m ulti pass and evacuated diffraction grating infrared spectrom eter of high performance; this incorporated photoconductive detectors. Shortly before S utherland's return to England in 1956, it gave the highest resolution performance by then obtained in the near infrared region. M arshall later moved to the Perkin Elm er Corporation in Norwalk, Connecticut, and played an im portant role in designing the well-known M odel 180 high-perform ance infrared spectrom eter m anufactured by that firm.
O f the atm osphere in S utherland's research group at that time, S. K rim m has written: 'It was always G o rd o n 's hallmark to encourage a deep understanding of phenom ena and also to listen carefully to ideas presented by his colleagues. He certainly was generous in encouraging Liang and me to co-author the series of papers on polymers, beyond the first two on which his name appeared. His was, in fact, a deeper generosity-that of the spirit-and as a result the research group was a harmoniously functioning one. He instituted a regular research seminar, which also projected the infrared 'image' beyond the confines of our group. . . . G ordon played a major role in the beginning of my professional career and therefore a key role in my life . . . I shall always be grateful for having known h im .'
At the University of M ichigan S utherland's election to a role on the Executive Com m ittee of the Physics D epartm ent was to help preserve a balance between nuclear physics (a race-track synchrotron was being built with all that implied in term s of effort and resources) and the other branches of physics. As always his advice was respected because of his open-m indedness and his lack of personal axe-grinding. Shortly before he left Ann Arbor he was appointed Director of an embryonic Biophysics Research Institute within the University. He and his wife also played an active and appreciated social role in the Physics D epartm ent. On the side of relaxation he added dinghy sailing to his continued enjoyment of golf. However, with true Scottish thriftness, guests were sometimes asked to carry out maintenance chores on the boat before setting sail! Sutherland had always planned to return to British Science if a suitably challenging opportunity presented itself. He was also somewhat unhappy at the plans of the University of Michigan, in that era of world-wide university expansion, to greatly increase their student num bers. He therefore agreed that his name could be considered for the forthcoming vacancy of the Director of the National Physical Laboratory in Britain. He was mindful of the distinguished predecessors in this post and, when the post was in due course offered to him, he accepted it with pleasure. He and his family returned to England, to Bushy House in T eddington on the N .P .L . site, in 1956.
T he N .P.L. years, 1956-64 T h e N .P.L. had long enjoyed a reputation for doing difficult things well, particularly in the area of standards and calibration, and for providing national testing facilities such as wind tunnels and ship tanks on a scale that industrial companies could not afford. In the decade before Sutherland's Directorship it had also pioneered a num ber of im portant developments such as in computing and in applied optics. On the other hand, compared with for example the Harwell and Aldermaston Labora tories concerned with nuclear physics, or with the Radar Research Establishment at Malvern, the N .P.L. had undergone relatively limited expansion in facilities or areas of work since W orld W ar II.
D uring his period at the National Physical Laboratory, Sutherland was very successful in obtaining additional resources for the Laboratory, in the form both of staff and of facilities. This was largely due to his hard work and conviction as to what was needed. He was by nature a cautious person and could spend a long time thinking matters out carefully; on the other hand, once he had convinced himself that a particular course of action was right, he could be most persuasive and determined in bringing others round to his point of view. Sutherland was also in tune with the spirit of that time, which saw pure and applied science fruitfully in harness together. He undoubtedly held as one model the very successful National Research Council of Canada at Ottawa, where exciting and new pure science seemed to go very well together with applied science. This concept led to his setting up a new Basic Physics Division at the N .P.L. whose function was in large measure to bring new science and younger scientists into the establishment. T o this end, he was able to arrange for the appointment of some twenty short-term Research Fellows on the Ottawa pattern.
T h e new Director was very ready to lecture on the work of the N .P .L ., and there was no doubt that he greatly improved the public image of the L aboratory both in Britain and overseas (127, 128, 132, 139, 145, 146) . H e was therefore successful in recruiting able people, among them British scientists who were persuaded to return from overseas, including the U.S.A. M any have testified to the enthusiastic atm osphere within the Laboratory at that time.
W hen he was appointed Director Sutherland had hoped that he would be able to continue personal activities in research. However, he was never a person to do a job by halves. He soon found that administrative duties at the N .P .L ., and outside negotiations over resources, etc., took up virtually all his available energies. Nevertheless, not surprisingly, his own research interests in spectroscopy found some active expression in the new Basic Physics Division.
Nuclear magnetic resonance was then developing rapidly and showing its potential for becoming as powerful a tool as infrared spectroscopy for the study of the structure of matter. J. A. Pople, who was appointed Director of the new Division, was a very well known theoretician who had done m uch to pioneer the interpretation of n.m .r. spectra. He was joined by others such as D. H. W hiffen-already a well-known spectroscopist R. Freem an, R. J. Abraham and K. A. M cLauchlan. All these have since become eminent in magnetic resonance research. Pople, Whiffen and Freem an were later elected to the Royal Society in 1961, 1966 and 1979 respectively. A particular achievement of the group during S utherland's period at the N .P .L . was the developm ent by Whiffen and Freem an of experimental aspects, and full theoretical interpretations, of double resonance n.m .r. experiments. This technique has gradually assumed increasing importance with each of the many subsequent advances in n.m .r. methods.
A nother im portant spectroscopic advance at the N .P .L . which re flected Sutherland's own interests was the successful practical application of Fellgett's concept, referred to above, of the multiplex advantage of interferometry. At the enthusiastic hands of H. A. Gebbie of the Basic Physics Division it led to the construction at the N .P .L ., and sub sequently to commercial production, of Fourier transform infrared spectrometers. Gebbie designed a high quality optical interferometer, in its later version described as 'the N .P .L . C u b e', and coupled it success fully to the good com puting facilities then available in the Laboratory. He used the interferometer to carry out a wide range of interesting farinfrared researches. T he success of this venture was such that two firms within the U .K ., G rubb-Parsons Limited and the Research and Industrial Instrum ents Company, went into production with far-infrared spectrometers directly based on, or inspired by, G ebbie's designs. Today interferom eters have virtually completely displaced dispersion instru ments for use in the far-infrared region. In the past 15-20 years com puting developments particularly the advent of the m inicom puter that can be incorporated as a 'dedicated' part of the spectrometer-and other advances concerned with detectors and m irror-drives have enabled Fourier transform methods to be used m uch more widely. This is particularly true of the mid-infrared region where a m uch higher degree of multiplexing is possible. Such spectrometers have led to quite new standards in spectral resolution and sensitivity. T hrough a different historical development, multiplexing and Fourier transformation is now also used with outstanding success in nuclear magnetic resonance.
T h e above account has concentrated on those aspects of work at the N .P .L . where Sutherland's interest, and therefore influence, were most pronounced. However he played an im portant role in regrouping and reassessing the activities of the Laboratory and in many other specific developments during his Directorship. He was very interested in the future role of computing and supported this work in the new Autonomies Division. W ithin the Applied Physics Division he supported the develop m ent of work on ionizing radiation, both to do with the then prevalent atmospheric testing of atomic bom bs and with industrial and medical hazards. This led to the formation of a new Radiation Science Division a few years after Sutherland left the N .P.L. A new Ship Tank was opened at Feltham in 1959 and facilities were added to the Aerodynamics Division for the study of supersonic flight and industrial aerodynamics. Overall this was a period of vigorous and healthy expansion for the N .P .L . so that, according to an article that appeared in N ature on Sutherland's departure, the staff num bers increased during his D irector ship from 1080 to 1460 and the scientific officers, including the new Research Fellows, from 155 to 255. These successes were m uch aided by the very good support that Sutherland had from the D epartm ent of Scientific and Industrial Research, of which Sir Harry Melville was the head. However, as the years passed the Governm ent and the Civil Service-as elsewhere in the W orld-were turning their attention to the cost and nature of research carried out in Governm ent laboratories. T he latter were increasingly being viewed as institutions to be mainly devoted to applied research related to industrial and defence environments, pure research being seen as primarily the province of the Universities. These developing trends were counter to Sutherland's instincts and policies, which had been to forge closer links between applied and pure research at the N .P.L. itself, so the move from Teddington was probably a very timely one for him. However, he doubtless also accepted the offer of the M astership of Em manuel College, Cambridge, in 1964 with pleasure and with a very positive enthusiasm for a new challenge in his former academic environ ment. Nearly all the Governm ent laboratories were to have major reorganizations during the next decade but Sutherland's successes in obtaining facilities doubtless helped to make this a less painful process at the N .P.L. than elsewhere.
T h e Teddington complex is a large one and it is impossible for a Director to get to know personally m ore than a fraction of the personnel. Nevertheless Sutherland made a large effort to meet people at all levels and in all Divisions, and his real interest in their activities and aspirations was widely appreciated. T h e substantial num ber of people who did have regular personal contact with him regarded him with respect and affection and valued highly his achievements for the N .P .L .
T he M astership of E mmanuel C ollege, C ambridge, 1964-77
T here is no doubt that Sutherland was very pleased to return to C am bridge in 1964. T here were also many in the College and in University affairs who equally welcomed his return. He was delighted to be invited to be the M aster of Em m anuel, a long-established and distinguished College which also had a high scientific reputation. It also had strong recent connections with the D epartm ent of Physical C hem is try where Sutherland had worked during the 1930s and 1940s. Professor R. G. W. Norrish and D r (later Sir George) Porter had both been Fellows of Em m anuel, and they soon afterwards were to share a Nobel Prize with Professor M. Eigen of G erm any. T here were also welcome connections with the U.S.A. as John Harvard, the founder of Harvard University, was a past m em ber of the College. And, of course, there were pleasures to look forward to in meeting old friends in the com m on room or on the golf course.
Appreciations of S utherland's work for the College have been given by M r David G. T . W illiams and Professor Brian A. T h ru sh in the Em m anuel College M agazine, vol. L X II for 1979-80. For this section of the m em oir substantial help is acknowledged from these sources. S uther land, as the new M aster, participated enthusiastically in College affairs and, with Lady Sutherland's strong support, in the social life of the College. T hey went to particular pains to foster friendly relationships with the Junior M em bers, undergraduates and research students of the College and hospitality was freely offered in the new M aster's Lodge. Sutherland was very m uch in evidence at College functions such as concerts and club meetings, at athletic matches in support of College teams, and in regular gatherings of Old M em bers. His strong allegiance to the College in all its activities was immediately evident.
D uring Sutherland's period as M aster the College improved its physical facilities in many ways. T h e South Court was finished, new' rooms were added in the N orth Court, and an extension to the Library was completed. Also, shortly before his retirement, he was glad to see set in motion the cleaning of the main frontage of the College and of the very handsom e Front Court with its W estm oreland building and the W ren Chapel.
T here had for many years been a scholarship for Harvard men to come to Em manuel. Doubtless partly because of the great benefit he had derived from his Commonwealth Fund Fellowship, Sutherland was very keen to see one founded to enable Emmanuel men to go to Harvard. He persisted despite an unpromising start to an appeal for funds for this purpose. In due course, through the great generosity of the prime donor, he had the satisfaction to seeing the establishment of the Herchel Smith Scholarship to Harvard.
It was to be expected that Sutherland would take a strong interest in the academic successes of the junior members of the College, and he was fortunate in seeing outstanding results during several years of his Mastership. He urged the College to retain a policy of roughly equal entries of arts and science undergraduates. He also supported the decision, made in 1967, for Emmanuel to make a proportion of entry offers based ahead of time on conditional A-level results. In this respect Emmanuel gave a lead to other Cambridge and Oxford Colleges at a time when the State Schools were being reorganized on Comprehensive lines.
Sutherland's period as Master was, however, to be one that had to decide on major and difficult changes in the College, as elsewhere in Cambridge or in other universities. In particular, it spanned the period of student militancy around 1968 when many changes were demanded by the undergraduates-the 'junior members' of Colleges-often in an intemperate manner. These demands reflected changes in society and in public mores that particularly affected the younger generation. The loco parentis' concept of the College tutor could not but be affected in a period when young people became officially adult at the age of 18 instead of 21; also the relationship between the sexes was changed by the then relatively new availability of 'the Pill'. Sutherland-like most of his contemporaries amongst Heads of Colleges-held the view that over the centuries the Colleges had stood for academic excellence combined with harmonious social contacts between the older and younger generations. He was surprised, and doubtless at first hurt, by the pressure of junior members for changes which bore little relationship to the academic life, but made for strained relationships between the generations. Initially these conflicts also led to different views among the Fellows who are the 'senior members' of the College. College governing bodies are highly democratic, and a body of Fellows naturally spans a wide range of agesfrom the Research Fellow in his mid 20s to the more senior Fellows who could be actively involved in College life until their later 60s-and an equally wide range of interests and of attitudes to contemporary prob lems. The Master is only primus inter pares and there must have been times when Sutherland looked back wistfully to his more executive role as Director of the N.P.L.! However, as time went by, the different problems of the relaxation of gate rules, and whether women should be admitted as members of the College, were satisfactorily resolved. On the fundamental question of the admission of women to the College, Sutherland did not wish a hurried decision to be taken, and with characteristic Scots caution he sounded out the views of m any contem poraries in Cam bridge. However, finally, in agreement with a majority of the Fellows, he reached the view that this change would be in the real interest of the College.
A visitor to the College during this difficult period has com m ented that S utherland's interest and hum an concern for individual students-both the academically successful and those who fell into personal difficultieshad continued unabated throughout. W hen Sutherland retired from the M astership in 1977, some of the most m om entous changes in the history of the College had been brought about, and calmer waters prevailed once again. His period as M aster ended, as it had begun, on a very positive note.
O ther interests and activities, T h e m em oir has so far been concerned with S utherland's work and achievements in relation to the formal academic or governm ent positions that he held at different stages in his career. However, as a distinguished scientist and administrator, during the last 20 years of his life he was asked to give help and advice to a num ber of im portant G overnm ent, university, national and international organizations. A structured account of some of these other contributions and interests is given below.
Contributions to science policy
It was natural that, as D irector of a major G overnm ent laboratory, S utherland's views were sought on science policy. This is an area that was to interest him for a considerable num ber of years before and after his return to Cam bridge in 1964. D uring a period as Vice-President of the Royal Society in 1962-63, he chaired a comm ittee of that body concerned with 'T h e Emigration of Scientists from the U nited K ingdom '. T his provided the first reliable statistics on that subject (for the period 1952-62). It showed that at that time a considerable num ber of very able scientists were emigrating, particularly to the U.S.A. but also to Canada and to other countries of the Com m onwealth (137). This phenom enon, later term ed the 'brain drain', interested Sutherland over a num ber of years (149, 153) . It was also to occupy the further attention of the Council for Scientific Policy which was set up by the new Labour G overnm ent in 1964.
Sutherland He was also interested and active in the Pugwash Conferences involv ing (to use the title of a book published shortly before the 15th Pugwash Conference) 'Scientists in the quest for peace'. He attended four of these conferences between 1964 and 1967. At the 17th Conference in 1967 he presented a paper which put the 'brain drain' phenom enon into a wide international context. He was at that time particularly concerned at the serious effects on developing countries of the migration of their scientists and engineers to advanced countries.
At the request of Unesco he also advised the G overnm ents of Liberia and Ethiopia, in 1969 and 1970 respectively, on aspects of science policy and scientific research.
U niversity policy and student numbers
Sutherland was M aster of Em m anuel College at a time when in Britain, as elsewhere, the university system underw ent a period of great and rapid expansion. Hence the Council of Senate of Cam bridge University felt a need to formulate policies for the future intakes of both undergraduate and postgraduate students. In such a university, where the Colleges have m uch academic and financial autonomy, the reaching of agreement on such m atters is far from straightforward. On the other hand a meaningful dialogue with the University G rants Com m ittee (U .G .C .) in relation to national plans was very difficult without numerical projections. Because of the cost of their teaching and research facilities, the first attem pt in this direction was concerned with the future needs of the science depart ments. T h e Deer Report to the University, published in 1966, proposed that planning should be on the basis of a very substantial expansion (by about 20% in undergraduate num bers and 115% in postgraduate num bers) between 1964 and 1984. Sutherland's realistic but substantial criticisms of these proposals in the Cambridge Review T h e author of this m em oir has had access to m uch of S utherland's correspondence from which it is clear that he was very good at saying 'N o ' to many invitations to serve on Com m ittees. However, corre spondence with the institutions m entioned above shows that, when he did say 'Yes', he took his responsibilities very seriously, thought hard about the problem s put in front of him and was always highly respected for his advice.
P ersonal characteristics and family
It is frequently the case that a m an 's public image only partially reflects his full personality. T o some extent this was so for Sutherland. He was not at all a pom pous person but he was naturally quiet-spoken and it was his characteristics as a serious and dedicated scientist or adm inistrator that were most obviously to the fore in his public dealings. On personal contact, such as at lunch at Em m anuel College or on the golf course, his first quietly friendly greeting could soon lead to a warm and enjoyable conversation with a person who had com m on interests to his own. He could also be a very amusing after-dinner speaker. His friends fully appreciated his real w arm th of character; to them he was an extremely good companion in the laboratory, the com m on-room , or in the open air.
Friendliness to his colleagues or research students did not prevent Sutherland from being a close critic of their efforts to contribute to a scientific or administrative problem. He gave his research students considerable freedom to pursue their own lines of investigation in the area of an agreed problem, but he was a penetrating critic of what had been achieved. A visit to him in a 'Eureka' frame of m ind usually led to a return with words of encouragement but with clear rem inders of those results that did not fit the favoured hypothesis, and which needed to be carefully checked before it could be provisionally accepted. A phrase of criticism that the writer associates with Sutherland is 'Insufficient attention to detail'. The same principles were applied by him to writing scientific papers. Undoubtedly a considerable amount of work carried out in his laboratories did not fully see the light of day in print because he considered that there were still too many loose ends. His personal papers show that, when later in life his publications were of a more general philosophical nature, the relevant literature was equally carefully re searched and thought through. He was the last person to express an opinion 'off the top of his head' when someone else depended on the advice to be given. If the latter was a personal matter you heard from Gordon Sutherland his real opinion, sometimes chastening, expressed in a kindly manner. He was a very honest person.
Sutherland had good friends in many circles. This was evident from a very happy party on the occasion of his retirement given by his colleagues and past students, a considerable number of whom had come from elsewhere in Europe or from the U.S.A . for the occasion. At his Memorial Service the chapel of Emmanuel College was filled to more than its normal capacity and again many had come considerable distances.
In talking to Sutherland's past colleagues and friends, one learns much of the friendly hospitality offered by Gordon and Gunborg-at their house in Milton Road, Cambridge, at Ann Arbor, at Bushy House or in the Lodge at Emmanuel College. They were happily married and the Sutherland family was a happy and supportive one. Of their three daughters the eldest, Ann, is a well-established art historian and scholar who has worked at the Metropolitan Museum of New York; the second Kerstin, is a member of the medical research team at the La Jolla campus of the University of California; and the youngest, Mary, is working in administration of arts sponsorship. Gordon was proud of them and their accomplishments across the arts and sciences. His sister Marjorie, who unhappily died within a year of her brother, was also a close member of the family. She came to Cambridge during World War II as Sutherland's secretary and was later highly respected by many in Cambridge during a period of 17 years when she was in charge of the Cambridge University Typewriting Office. 
